Introduction
Diagnostic laparoscopy (DL) was introduced in surgical practice at the beginning of the 20th century but its use was limited for about 80 years. During the second half of the 20th century, laparoscopic access started to be used as a diagnostic resource in the traumatic and non-traumatic acute abdomen (Llanio & Sarle, 1956) . Over the last decades, with the advent of new video systems, with the development of laparoscopic instruments and the improved visualization of the entire abdominal cavity, DL achieved an excellent level (Geis & Kim, 1995) . Within this context of progress, DL started to be successfully used in critically ill patients in intensive care units, with a diagnostic accuracy of 96% and with no significant changes in hemodynamic parameters during the procedure (Brandt et al., 1993; Forde & Treat, 1992) . The easy identification of the types of organic fluids, the resources for the aspiration of pus, blood, bile and the intestinal content and the increased surgical experience have contributed to the therapeutic success of laparoscopy in an acute abdomen of surgical cause (Boyd & Nord, 1992; Cueto et al., 1997; Easter et al., 1992; Geis & Kim, 1995) . With growing reports of its therapeutic efficacy, laparoscopy quickly became the preferential route of access for the treatment of acute cholecystitis (Z'graggen et al., 1995; Colonval et al., 1997) and was also standardized for the treatment of acute appendicitis, adnexial diseases, and perforated gastric or duodenal ulcers (Branicki, 2002; Sauerland et al., 2006) . It also represents an alternative access route for the exploration of the the bile ducts (Tagorona et al., 1995) , necrosectomy and drainage of collection in acute pancreatitis (Pamoukian & Gagner, 2001) . There is a growing use of laparoscopy in peritonitis secondary to the perforation of diverticular disease of the colons as an option for cavity washing and drainage, and for the resection of the segment involved, especially in elective procedures (Tonelli et al., 2009; Chatzimavroudis et al.,2009) . Selected cases of intestinal obstruction or perforation with early intervention before the installation of sepsis or of circulatory shock can also benefit from a laparoscopic access (Branicki, 2002) .
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peritoneal cavity reduces the peritoneal immunity mediated by macrophages, with lower production of inflammatory cytokines (IL-1, IL-6, TNF-α). However, laparoscopic surgery is associated with a lower systemic inflammatory response compared to open surgery (Buunen et al., 2004) . Studies of the effect of laparoscopy in an animal model of severe peritonitis have obtained conflicting results (Bloechle et al., 1998; Gurtner et al., 1995; Salgado Jr et al., 2008; Wichterman et al., 1979) . There is experimental evidence that pneumoperitoneum predisposes to bacterial translocation and increases the systemic inflammatory response (Bloechle et al., 1998) , but other studies have not confirmed this finding (Gurtner et al., 1995; Wichterman et al., 1979) . In a model of peritonitis induced by bacterial inoculation in rats subjected to laparoscopy, elevation of the abdominal wall and laparotomy, the changes of the peritoneal immune system in response to the abdominal infection were lower in the group treated by laparoscopy (Targarona et al., 2006) . In a similar study, the number of bacterial colonies obtained in the peritoneal fluid, the rates of positive blood cultures and the peritoneal levels of IL-1 and IL-6 were significantly lower after 24 and 72 hs in the groups subjected to laparoscopy. CO 2 did not appear to influence bacterial growth (Balague et al., 1999) The incidence of bacteremia due to B. fragilis and E. faecalis was lower in secondary experimental bacterial peritonitis submitted to washing of the cavity by laparoscopy compared to laparotomy even when the duration of peritonitis exceeded 3 hs, suggesting that laparoscopy produces a lower local trauma and preserves the intra-abdominal conditions (Linhares et al., 2001) In an experimental rat model of severe bacterial peritonitis (Figure 1 ) it was demonstrated that antibiotic therapy and an early approach to the abdominal cavity by laparotomy or laparoscopy had similar effects on survival. The approach to the abdominal cavity by laparoscopy induces a greater elevation of the pro-inflammatory cytokines TNF-alpha and IL-6 compared to laparotomy, but when the procedures are associated with the use of broad spectrum antibiotic therapy (gentamicin and metronidazole) there is no difference between them (Salgado Jr et al., 2008) . Fig. 1 . Experimental model for bacterial peritonitis in rats. Cecal ligation against a rigid mold and 17 gauge needle puncture (Salgado Jr et al., 2008) .
Pneumoperitoneum induces an increase in circulating endotoxin but the survival of animals treated by the laparoscopic route is greater than that of animals subjected to laparotomy, www.intechopen.com Laparoscopic Approach to Abdominal Sepsis 227 indicating that the overall result of the laparoscopic method may be superior (Chatzimavroudis et al.,2009) . Today, hemodynamic instability is still a limiting factor regarding the use of laparoscopy. The lack of appropriate equipment and of a qualified team continues to be an absolute contraindication of the method. Abdominal distention poses additional risks and reduces the yield of this access route (Stefanidis et al., 2009 ). The early use of laparoscopy in an acute abdomen is defended as an appropriate method to prevent a delay in obtaining a definitive diagnosis. Diagnostic laparoscopy within 48 h of hospital admission provided a definitive diagnosis in 90% of cases and modified the clinical diagnosis in 30% of them. A significant portion of patients (83%) were submitted to the laparoscopic procedure as the final treatment of their conditions, with a 7% rate of conversion to open surgery. Peritonitis was present in 180 patients and there was one postoperative death involving a patient with a perforated gastric neoplasia (Golash & Willson, 2005 ). An etiologic diagnosis of a non-traumatic acute abdomen by laparoscopy was obtained in 98.6% of cases. The surgical treatment was performed by the laparoscopic route in 75% of the patients and by laparotomy directed by the laparoscopic diagnosis in 13%. Due to a diagnostic error in 2 cases of intestinal obstruction in patients with no abdominal surgery, in this situation the authors recommend laparotomy or investigation by means of other exams (Kirshtein et al., 2003) . The 2005 Consensus of the European Association of Endoscopic Surgery recommends the use of all non-surgical diagnostic means in order to obtain the etiologic diagnosis in patients with a non-traumatic acute abdomen. If the etiology is not detected, DL should be indicated. A perforated peptic ulcer, appendicitis, acute cholecystitis and pelvic inflammatory disease should be treated by the laparoscopic route. The benefits regarding other etiologies have not been sufficiently clarified (Sauerland et al., 2006) .
Laparoscopy in nonspecific abdominal pain and abdominal sepsis
Nonspecific acute abdominal pain is characterized by a duration of less than 7 days and by diagnostic uncertainty after basic clinical and laboratory evaluation. Under these circumstances, DL is useful for establishing the etiology by means of direct inspection of large areas of the surface of abdominal organs and for obtaining material for biopsy, culture and aspirate, with complementation by laparoscopic ultrasonography. In most cases it is also possible to perform a therapeutic intervention by the same route of access (Stefanidis et al., 2009 ). The accuracy of DL ranges from 70 to 99% and its use reduces the time of hospitalization without interfering with morbidity when compared to expectant management of nonspecific abdominal pain (Cueta et al., 1998; Cueto et al., 1997; Decadt et al.,1999; Fahel et al., 1999; Gaita et al., 2002; Golash & Willson, 2005; Majewski, 2000; Navez et al., 1995; Ou & Rowbotham, 2000; Poulin et al., 2000; Sanna et al., 2003; So¨zu¨er et al., 2000; Stefa'nson et al., 1997) . DL is also useful in intensive care when the abdomen is the suspected source of sepsis, of systemic inflammatory response syndrome (SIRS) or multiple organ failure. DL can be used in critically ill patients who present abdominal pain with peritonism accompanied by some signs and symptoms of an inflammatory process, but still without an indication of laparotomy (Stefanidis et al., 2009 ). DL can be performed by the bedside, a fact that avoids the risk associated with the transportation of intensive care patients. The contraindications of DL are the same as those for any laparoscopic intervention: hypercapnia, clotting disorder with no possibility of correction, mutliple previous abdrominal surgeries with adhesions, and abdominal surgery in the last 30 days. The use of pneumoperitoneum pressure of 8 to 12 mmHg is recommended, although some authors have used pressures of up to 15 mm Hg with no adverse consequences under these circumstances (Stefanidis et al., 2009 ). The diagnostic accuracy of DL in intensive care patients is 90 to 100% (Almeida et al., 1995; Brandt et al., 1993; Brandt et al., 1994; Gagne et al., 2002; Hackert et al., 2003; Jaramillo et al., 2006; Kelly et al., 2000; Orlando & Crowell, 1997; Pecoraro et al., 2001; Walsh & Hoadley, 1998) . These success rates are due to the more frequent abdominal diseases occurring in this population (acalculous acute cholecystitis and mesenteric ischemia). The method may fail to detect retroperitoneal processes such as pancreatitis (Stefanidis et al., 2009 
Laparoscopy in acute appendicitis
Appropriate clinical history and physical examination are sufficient for the correct diagnosis of acute appendicitis with typical clinical presentation, a context within which imaging exams are of little value. Computed tomography (CT) is the most valuable exam when there is a diagnostic doubt in acute appendicitis and its complications. CT has 94 to 98% sensitivity, 83 to 100% specificity and 93 to 96% accuracy and can reduce the number of unnecessary laparoscopiess and laparotomies (Spirit et al., 2010) . Appendectomy by the laparoscopic route yields better results than treatment by laparotomy, especially in patients with disease in the gangrenous phase or with perforation and localized peritonitis. There are isolated reports of the limitation of laparoscopic appendectomy in patients with diffuse peritonitis due to the difficulty in cleaning the peritoneal cavity, the debris and the infected secretion, whereas most reports emphasize the resources of laparoscopic surgery in terms of providing a view of the peritoneal cavity and its recesses, with similar or even more satisfactory conditions for washing the peritoneal cavity compared to laparotomy (Saeurland et al., 2006) . For acute appendicitis, the laparoscopic approach reduces the levels of infection of the surgical wound and favors a more rapid return to habitual activities for the patient compared to laparotomy. Women of reproductive age benefit more from laparoscopy, but other groups also experience this advantage. Laparoscopic treatment of acute appendicitis is also recommended in cases of perforation and contamination of the cavity (Saeurland et al., 2006) . A cohort study was conducted at various academic and private medical centers in the United States to compare laparoscopy and laparotomy for appendectomy. There was no difference in mortality between groups and the group subjected to laparoscopy had a lower incidence of infection of the surgical wound and of episodes of sepsis. The group subjected to laparotomy had a lower incidence of abdominal abscesses and, according to the authors, the approaches yielded similar results (Hemmila et al., 2010) . Among the advantages of the laparoscopic method are the possibility of complete inspection of the abdominal cavity, the preservation of the appendix when normal, and the opportunity to also treat by the laparoscopic route or by guided laparotomy other inflammatory processes or processes of varied characteristics detected on the occasion of inspection (Saeurland et al.,2006) .
Laparoscopy in abdominal sepsis due to affections of the small bowel (mesenteric ischemia, intestinal obstruction and incarcerated hernias)
Peritonitis secondary to obstruction or ischemia of the small bowel is infrequent. According to the most recent consensus about obstructive intestinal processes, conservative treatment may be maintained for up to 72 hours as long as there is no evidence of strangulation or incarceration. After 3 days of expectant treatment, whether or not these signs are present, surgical exploration is obligatory (Catena et al., 2011) . Some evidence supports the use of the laparoscopic route in the lysis of abdominal adhesions and in the treatment of incarcerated hernias before the onset of necrosis and perforation of the intestinal loops. After the occurrence of these events, most authors recommend surgery by laparotomy (Saeurland et al., 2006) . The lysis of adhesions by laparotomy, the universally accepted route of access for this situation, leads to the later formation of new adhesions, to recurrent intestinal obstruction and to a new laparotomy in 10 to 30% of cases (Landercasper et al., 1993) . In animal models, laparoscopy showed a lower incidence and a smaller number of adhesions, as well as a less severe obstructive situation compared to open surgery. Thus, the laparoscopic approach, when viable, can be considered to prevent obstruction due to adhesions (Tittel et al., 2001 ). Other clinical and experimental studies have also shown evidence of a lesser formation of adhesions at the surgical site and on the abdominal wall when laparoscopy is used (Gadallah et al., 2001; Gamal et al., 2001) . The lysis of adhesions by the laparoscopic route has several theoretical advantages over open surgery: 1) less intense postoperative pain, 2) more rapid resolution of the ileum, 3) shorter hospitalization, 4) earlier return to daily activities, 5) lower incidence of complications of the surgical wound, and 6) a reduced formation of postoperative adhesions (Nagle et al., 2004) . However, no randomized and controlled studies comparing adhesion lysis by the laparoscopic and open route were detected. Thus, the indications and the results of the less invasive procedure continue to be unclear (Catena et al., 2011) . Today laparoscopy should be reserved for well selected cases, with the use of an open technique for the initiation of pneumoperitoneum, preferentially in the upper left quadrant of the abdomen. It is preferable to use it in case of a first obstructive episode and also when a single or a few adhesions are predicted (for example, when the previous surgery was an appendectomy). A high rate of conversion is expected and the risk of damage to bowel is higher compared to surgery by laparotomy. Findings of a bowel segment larger than 4 cm, of multiple adhesions and of findings compatible with malignant neoplasias supports the option for conversion (Catena et al., 2011) . The extent of release of adhesions is a matter of debate and divides the opinion of authors between the option for lysis of all adhesions in the cavity in an attempt to prevent a new obstructive event or sufficient release for the resolution of obstruction (Scott-Coombes et al., 2003) . Treatment of abdominal wall hernias by laparoscopy has progressed considerably over the last decades and in general this is considered to be the access route of choice in an elective situation. However, it is not possible to transfer the knowledge acquired with this practice to urgency situations such as incarceration, strangulation and bowel injury with contamination of the cavity and infection. There are isolated reports of favorable results for properly selected cases treated by experienced surgeons (Saeurland et al., 2006) . The contribution of laparoscopy to mesenteric ischemia is small. For this situation, DL is less precise than angiography and CT and has not proved to be able to reduce the number of unnecessary laparotomies. DL can detect ischemia when present but cannot rule out this diagnosis when the intestinal loops have a normal appearance upon laparoscopy (Saeurland et al., 2006) .
Laparoscopy in peritonitis due to gynecological causes
Gynecological affections should always be part of the clinical reasoning in the evaluation of abdominal pain in women. The more frequent causes of abdominal and pelvic pain are ectopic pregnancy, salpingo-oophoritis, pelvic adhesions, endometriosis, and ovarian cysts. In contrast to abdominal processes, CT is less valuable in these conditions. Transvaginal and conventional ultrasonography with a pregnancy test for women of reproductive age are part of the initial evaluation. DL is superior to all other tests and can correct the preoperative diagnosis in up to 40% of cases (Saeurland et al., 2006) .
Laparoscopy in trauma
DL has been indicated for victims of trauma with suspected intra-abdominal injuries in order to reduce the rate of non-therapeutic laparotomies with their morbidity, mortality and costs. The indications of DL include the suspicion of intra-abdominal injury maintained after an initial negative workup in closed traumas , s t a b w o u n d s w i t h p r o v e n o r p o s s i b l e penetration of the cavity, gun-shot wounds with a possible intra-abdominal course, a diagnosis of diaphragm perforation in penetrating wounds of the thoraco-abdominal region, and the creation of a pericardiac transdiaphragmatic window to rule out heart injury (Stefanidis et al., 2009) . Absolute contraindications of DL are hemodynamic instability due to hemorrhagic shock or evisceration, and the relative contraindications include peritonitis, known or obvious intraabdominal injury, posterior penetrating trauma with a high probability of intestinal injury and, of course, the lack of experienced professionals and of appropriate equipment (Stefanidis et al., 2009) . The accuracy of DL in defining the need for laparotomy ranges from 75 to 100%. In a review, DL prevented non-therapeutic laparotomy in 17 to 89% (median: 57%) of traumatized patients. The procedure involved a 6% rate of false-positive results (0-44%). In addition to providing an etiologic diagnosis, laparoscopy permits the appropriate treatment of intracavity injuries in up to 83% of cases (Hori, 2008) . A review of 37 studies including more than 1900 patients revealed a rate of DL complication of 1% (Villavicencio & Aucar, 1999) . More recent reviews have revealed even lower rates close to zero. Intraoperative complications may occur during the creation of the pneumoperitoneum, the introduction of trochars, the occurrence of pneumothorax during inspection due to an unidentified diaphragmatic injury, during the perforation of hollow viscera, the laceration of solid viscera, during gas dissection in the subcutaneous layer of the peritoneum and vascular injuries (more frequently of the epigastric or epiploic arteries) (Hori, 2008) .
Laparoscopy in the perforation of diverticular disease of the colon
Perforation of diverticular colon disease, generally in the sigmoid colon, with localized contamination of the abdominal cavity can be treated with antibiotics during the early stages, but abscesses larger than 5 cm must be approached surgically. Sigmoidectomy is indicated in patients who have suffered at least 2 crises of diverticulitis and in patients younger than 50 years who have suffered only one episode (Saeurland et al.,2006) . Even within an urgency context, this surgery can be performed by the laparoscopic route with a surgical time and results comparable to those of laparotomy and has been performed with a conversion rate of 10% (Tonelli et al., 2009) . Over the last few years, there has been an increased use of peritoneal washing and drainage of the cavity by the laparoscopic route without resection, allied to antibiotic treatment during the episode of peritonitis secondary to diverticular perforation. Definite treatment by colectomy can be performed in an elective manner after the resolution of the inflammatory process (Saeurland et al., 2006; Tonelli et al., 2009) . In a systematic literature review of 231 cases of acute diverticulitis with purulent peritonitis treated in this manner, abdominal sepsis was effectively controlled in 95.7% of the patients. Mortality was 1.7%, morbidity was 10.4% and 1.7% of the patients required a stoma. A long recurrence-free period of time was observed in the patients not subjected to colon resection, and later elective resection of the segment involved by the laparoscopic route was possible in most cases (Toorenvliet et al., 2010) .
Although most studies are retrospective, this conservative approach has a clear advantage. However, there is a consensus on the fact that laparoscopic washing and drainage is not recommended for cases of fecal peritonitis, and the results are unsatisfactory for cases of formation of an abscess in the pelvis. Several prospective and randomized studies are being conducted in order to better define in which clinical situations this approach should be indicated (Toorenvliet et al., 2010) .
Conclusion
Access by laparoscopy seems to be of advantage over laparotomy as a diagnostic and therapeutic method in the approach to peritonitis and sepsis of abdominal origin by involving a lower surgical trauma, by providing a good field of view of the peritoneal cavity and by permitting to obtain tissue and fluid samples under direct vision. The rate of unnecessary laparotomies can be reduced when laparoscopy is used for a diagnostic and therapeutic approach in cases of acute abdomen, even in the presence of peritonitis or sepsis of abdominal origin.
In the management of peritonitis by laparoscopy, the inflammatory response is milder compared to management by laparotomy. The elevation of inflammatory cytokines is moderate and macrophages present a better basal immunologic performance. In contrast to what occurs with laparotomy, the acute phase of the inflammatory response associated with perioperative sepsis is attenuated during laparoscopy, and the immune function seems to be better preserved after the latter.
Despite the doubts about the feasibility and efficiency of laparoscopy compared to laparotomy for the approach to peritonitis, minimally invasive surgery is gaining acceptance among surgeons, especially regarding patients with abdominal sepsis. Surg Endosc , Vol. 7, No.3, .
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